Aluminum exposure has been reported to be related to learning and memory impairment. This study examines the role of aluminum in alterating amino acids of the cerebral cortex of rats. The Step-down type tests were performed to investigate the alteration of learning and memory of rats induced by aluminum. The amino acids in the cerebral cortex were detected by high performance liquid chromatography (HLPC). Results show that the amounts of aluminum in the cerebral cortex increased by 5.0mgAI3+/(Kg·BW) group and lO.Omg AI3+/(Kg·BW) group. In the Step-down type test, the ENl increased significantly in the A13+ lO.Omg/(Kg·BW) group. The latency shortened obviously and the EN2 increased significantly in the lO.Omg AI3+/(Kg·BW) group. The content of Glu (Glutamic acid) increased but the content of GABA (gamma-aminobutyric acid) decreased significantly in the lO.Omg AI3+/(Kg·BW) group. This present study shows evidence that the disorder of amino acid neurotransmitters system plays an important role in the impairment of learning and memory of rats induced by aluminum. AP'/(Kg·BW). Each group was composed of 6 rats. All rats were housed in a clean, quiet room maintained at 18°t o 23°e and relative humidity (40%-60%). The AI' treated groups were administered O.Zml aluminum
Neurotoxicity induced by aluminum (AI) has been extensively reviewed (1-2). Al is considered to be an etiological factor in the development of learning and memory impairment (3) (4) (5) . However, the molecular mechanism causing learning and memory impairment induced by aluminum has not yet been clarified. Many works have investigated this problem, but little attention has been paid to the assessment of alterations in amino acid neurotransmitters induced by aluminum. The alteration in the amount of amino acid neurotransmitter is correlated to neurodegenerative diseases, brain damage, and the impairment of learning and memory (6) (7) . Glutamic acid (Glu) is an excitatory amino acids (EAA). It plays an important role in transmitting excitatory messages in the nervous system (8) (9) , and it is related to intracellular signaling systems and excitatory synaptic transmission (10) (11) . In this study, a stepdown test was measured to assess the learning and memory capacity, and we further investigated the role of Glu and GABA (gamma-amino butyric acid) in learning and memory impairment induced by aluminum in rats.
MATERIALS AND METHODS

Animals
18 healthy, adult, male Spraque-Dawley rats, obtained from the center of Experimental Animals of the Shanxi Medical University, were divided at random into three groups, matched with body weight after one week's feeding, normal saline, 5.0 mg AP'/(Kg·BW), 10.0 mg chloride (AP, Shanghai, China) solution dissolved in distilled water, respectively, at the dose of 5.0mg AP'/(Kg·BW) and 1O.Omg AI" /(Kg'BW) for 60 days, by intraperitoneal injection. For better absorption, injections were carried out for 3 successive days with one-day interval. The rats in normal control group were administered with 0.2ml normal saline in the same way and at the same time as the rats of AI' treatment groups.
Step-down Type Passive Avoidance Test The apparatus used for performance consisted of an acrylic box with copper grid floor. A plastic platform was fixed in the end of the box. Electric shocks (40 V) were delivered to the grid floor with an isolated pulse stimulator. At the beginning of training trial, rats were placed on the grid floor in the box to adapt for 3 min. When electric shocks were delivered, rats felt the electric shock and jumped to platform for avoidence, then they went back down to the grid floor where they were driven by electric shock to jump again to the platform, and so on. This cycle of jumping up and going down was maintained for 5 min.
The training was finished. The times of jumping down on the copper grid floor for every rat in 5 minutes were recorded as the number of errors in 5 min (ENl). 24 hour later, trained rats were placed on the platform for testing trial.
Step-down latency and the number of errors were recorded within 5 min. The duration from the moment the rat was placed on the platform to the very second it jumped down for the first time to the copper bars was recorded as "latency". The times of jumping down to the copper grid floor from the platform for every rat in 5 minutes were recorded as the number of errors in 5 min (EN2).
Tissue Sampling and Aluminum Assay
Following completion of the behavioral tests, controls and aluminum-exposed rats were euthanized by overexposure to ether. Brains were quickly extracted and dissected into different regions including cerebral cortex and hippocampus. All samples were stored at -70°C until being used for aluminum assay. 0.2g cerebral cortex sections were then weighed and put into a tube, which had been added with 1.6ml dense nitric acid and O.4ml perchloric, and were put on the electric hot plate for being digested and discolored. Deionized water was added to the tube and the volume of the tube reached l.Sml, then the aluminum content was detected by flameless atomic absorption spectroscopy (AAS). All utensils used for the assay were soaked in 15% nitric acid for 24 hours and were rinsed five times in deionized water.
HLPC Assay ofCerebral Cortex Amino Acid 0.1g cerebral cortex, stored at -70°C, was homogenized in 5ml pre-chilled homogenate buffer (O.IM pH7.0 phosphate buffer with AET [2-aminoethylisothiouronium bromide hydrobromide, Sigma] 0.28Ig/L, TritonX-lOO [Amresco] 0.1mUL, 2l-1M PLP [ Pyridoxal-S'-Phospha, Sigma]), then centrifuged in 4000 rpm for 15 min at 4°C, and the supernatant was transferred to another tube for amino acid assay by high performance liquid chromatography (HPLC). Amino acid content in the supernatant was assayed, after precolumn derivatization with ortho-phthaldehyde (OPA) and 2-mercaptoethanol and separation on a reverse-phase column, by fluorometric detection as described previously (12) . A peak was assigned to a kind of amino acid by comparison of its retention time with that of the standard. Glu or GABA (Sigma) in cerebral cortex was quantified by comparison of the peak areas with those of standards.
Statistics Analysis
The statistical estimation for differences was performed with the one-way analysis of variance (ANOVA) followed by the Fisher's protected least significant difference multiple comparison post hoc analysis. The data were finally expressed as mean ± standard deviation ofthe mean.
RESULTS
The Contents ofCerebral Cortex Aluminum
In Table I Step-down test ofrats induced by aluminum In the Step-down passive avoidance test, compared with the normal saline group, the ENl increased in the lO.Omg AP'/(Kg·BW) group (P<O.Ol). And though the ENI increased in the 5.0mg AP+/(Kg'BW) group, the significant difference was not statistically significant. The latency of passive avoidance of rats exposed to aluminum shortened significantly (P<O.Ol), and the EN2 increased obviously in the lO.O mg AP+/(Kg'BW) (P<O.Ol). No obvious difference was observed statistically in the 5.0mg AI1+/(Kg'BW) group. Related data can be seen in Table II .
The contents of cerebral cortex amino acids of rats induced by aluminum
As shown in Table III , compared with the normal saline group, the content of Glu increased but the content of GABA decreased significantly in the 10.0 mg AP'/(Kg·BW) group (P<O.Ol). In the 5.0 mg AP'/(Kg·BW) group, the content of Glu increased and the content of GABA decreased too, but the significant difference was not observed.
DISCUSSION
In general, memory processes are divided into three stages: learning acquisition, memory retention, and reappearance. Chemical agents such as scopolamine and sodium nitrite impaired memory in mice trained on a step-down type passive avoidance (13) , which is used to measure the three stages of memory process. In this present study, the increased AP+ content of cerebral cortex of rats in AP+ treatment was observed. That was implied that All; can pass the blood brain barrier (BBB) and accumulate in the brain. This result is similar to the previous published documents (14) . The learning and memory impairment "occurred obviously in 10.Omg AP+/(Kg·BW) group. However, the non-significant changes of learning and memory were observed in 5.0mgAlJ+/(Kg·BW) group. That shows Al will playa neurotoxic role only when the accumulation of aluminum in the brain adds up to sufficent concentration.
The study on amino acid neurotransmitter in brain is a novel field. The metabolism disorder of amino acid neurotrasmitter plays an important role in neurotoxic mechanism of brain damage (15) (16) . Amino acid neurotransmitter in brain was divided to excitatory amino acid (such as glutamic acid) and inhibitory amino acid (for example GABA). The alteration of the content of amino acid neurotransmitter is considered to be related to the formation oflearning and memory (7) . Glutamic acid, one of excitatory amino acids, plays an important role in transmitting excitatory message in nervous system, and it is related to survival of nerve cells, the formation and platicit of Synaptic (11) . GABA, an important inhibitory amino acid in brain, may be against the exitotoxicity induced by Glu (17) (18) .
AP' may impair astrocytes which can function as resisting to excitatory neurotoxicity induced by Glu. Then insufficient cytokine excreted by astrocytes makes the content of Glu increase indirectly (19) . Neurotoxicity mediated by Glu enhanced in cultured hippocampus of rats in vitro (20) (21) . GABA, an inhibitory amino acid neurotransmitter, may increase significantly in the hippocampus of rats intoxicated by aluminum. The disorder of inhibitory amino acid neurotransmitter system and the cycle of Glu-Glutamin can be induced by aluminum (22) .
In our present study, the content of Glu in cerebral cortex of rats induced by aluminum decreased instead of enhancement, and the content of GABA increased obviously. The exact mechanism on it can't be clarified still. It is possible that increasing inhibitory amino acid inhibited the excretion of Glu in the early alteration of amino acid neurotransmitters. In summery, our present study investigated the alteration of learning and memory of rats administrated with aluminum and the alteration of amino acid neurotransmitters in cerebral cortex of rats induced by aluminum. The disorders of amino acid neurotransmitters system were considered as an important mechanism causing learning and memory impairments in rats.
